ABSTRACT Microbiological sampling of processed broiler carcasses often relies on the technique of wholecarcass rinsing; however, the rinse sampling is sometimes done immediately after immersion chilling and sometimes as long as 24 h after immersion chilling. To test whether carcass rinses done immediately after chilling can be compared with rinses 24 h after chilling, 20 whole broiler carcasses exiting the chiller of a broiler processing plant were sampled on each of 3 d. All carcasses were bagged aseptically and rinsed for 1 min in 400 mL of sterile water. Recovered rinse liquid was poured into a sterile container, and rinsed carcasses were placed in clean plastic bags; all materials were held overnight at 4°C. On the following day, all carcasses were rinsed again in 400 mL of sterile water as before, and all rinse samples
INTRODUCTION
Whole-carcass rinse sampling of broiler chickens is generally treated as a monolithic sampling technique even though it has been carried out under several different protocols. In some studies, chilled carcasses are bagged and shipped overnight to a central laboratory, where carcass rinses are performed on the following day. Examples include cooperative studies carried out by university scientists, commercial laboratories, and poultry industry organizations (Waldroup et al., 1992 (Waldroup et al., , 1993 and broiler chicken baseline studies performed by the Food Safety and Inspection Service of the U.S. Department of Agriculture (USDA-FSIS, 1996a ) and the Canadian Food Inspection Agency (CFIA, 2000) . In recent years, whole-carcass rinse sampling seems more likely to be performed within minutes of collection of carcasses, and rinse aliquots then are tested soon after (Jimenez et al., 2002 (Jimenez et al., , 2003 or shipped 1 Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the U.S. Department of Agriculture.
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Corresponding author: jcason@saa.ars.usda.gov 333 were cultured by standard methods to enumerate coliforms, Escherichia coli, and Campylobacter and to determine incidence of Salmonella. Statistical analysis used paired comparisons between the same carcasses rinsed at 0 and 24 h after chilling; numbers of bacteria were expressed as log cfu/mL of rinse. In 2 of 3 replications, significantly higher numbers of coliforms and E. coli were found in the rinse samples taken immediately after chilling vs. rinse samples done at 24 h. There were no differences in numbers of Campylobacter or incidence of Salmonella between rinses taken at 0 and 24 h. More study is required to determine whether whole-carcass rinse samples performed at 0 and 24 h after chilling are microbiologically equivalent.
overnight to a central laboratory as in a more recent chicken baseline study , in current HACCP sampling under the Pathogen Reduction/Hazard Analysis Critical Control Point Final Rule (USDA-FSIS, 1996b), and in cooperative studies involving university and industry scientists (Bilgili et al., 2002) . It is conceivable that numbers and incidence of bacteria recovered in whole-carcass rinses might vary between rinses performed immediately after immersion chilling vs. rinses of carcasses that were bagged and held overnight before rinsing.
A literature search found only one study in which bacteria were enumerated in processed chicken carcasses rinsed at successive 24-h intervals. In the study of Rigby (1982) , carcasses were rinsed 4 times at 24-h intervals with no significant differences in numbers of salmonellae recovered in each rinse, although numbers of salmonellae found in that study were considerably higher than usually reported. In immediate, successive rinses of the same carcasses, however, incidence of salmonellae was not consistent (Lillard, 1989; Izat et al., 1991) . Numbers of bacteria in successive rinses of the same carcasses have generally been reported to decline at a modest rate. This has been reported for aerobic bacteria (Lillard, 1988 (Lillard, , 1989 McNab et al., 1993) , Enterobacteriaceae (Lillard, 1988 (Lillard, , 1989 , and coliforms (Mead and Thomas, 1973) . Despite an overall pattern of a slow decline, none of these studies reported a significant difference between numbers of bacteria recovered in any 2 successive rinses.
With the passage of 24 h after chilling, injured bacteria on carcasses might recover or die, or the equilibration of bacteria between carcasses and the surrounding water layer might change, resulting in different results between immediate and delayed carcass rinsing. The objective of this experiment was to determine whether whole-carcass rinses performed at 2 different times (0 and 24 h after chilling) yield similar numbers of coliforms, Escherichia coli, Campylobacter, and incidence of salmonellae.
MATERIALS AND METHODS
On each of 3 d, 20 carcasses were obtained from a broiler processing plant near the beginning of the second daily shift. All carcasses were taken from the exit of the same immersion chiller and aseptically placed in individual plastic bags. Within 10 min, 400 mL of sterile water were added to each bag, and the bag and carcass were shaken vigorously by hand for 1 min. Carcasses were removed from the bags, allowed to drip for a few seconds, and then placed in a numbered, clean plastic bag. The rinse liquid was poured out of the first bag into a sterile plastic container. All bagged carcasses and containers of recovered rinse liquid were placed in a cooler with ice and were returned to the laboratory. Bagged carcasses and rinse containers were placed in a 4°C walk-in cooler and left overnight. The following morning, carcasses were placed in a clean, plastic bag with 400 mL of sterile water and were rinsed again by the same method. Carcass rinse liquid was poured into sterile plastic containers, and the carcasses were discarded. Microbiological analysis was started immediately.
Aliquots were removed from each rinse sample for coliform, E. coli, Campylobacter, and Salmonella analysis. Coliforms and E. coli were counted by plating 1 mL from a serial dilution of the samples on duplicate Petrifilm E. coli/coliform count plates (3M Microbiology Products, St. Paul, MN) Petrifilm plates were then incubated at 35°C for 18 to 24 h; colony types characteristic of coliform and E. coli were counted. Following serial dilutions in PBS, Campylobacter bacteria were enumerated by inoculating duplicate Campy-Cefex agar plates (Stern et al., 1982) . One-tenth milliliter was spread on the surface of each plate, and plates were incubated at 42°C for 48 h in a microaerophilic environment (5% O 2 , 10% CO 2 , 85% N). Colonies characteristic of Campylobacter were counted. From each sample, colony types counted as Campylobacter were confirmed as members of the genus by examination for characteristic appearance and movement on a wet mount under phase-contrast microscopy. Each colony type was further characterized by a positive reaction on a latex agglutination test kit (Integrated Diagnostics, Baltimore, MD).
For culturing of salmonellae, 30 mL of buffered peptone water were added to a 30-mL aliquot from the carcass rinse liquid, and the suspension was incubated at 37°C for 24 h. After incubation, 0.5 mL of incubated rinse solu- Within each column and type of bacteria, least squares means with no common superscripts are significantly different (P < 0.0004).
tion was transferred to 10 mL of Rappaport-Vassiliadis broth (Becton Dickinson, Sparks, MD) and to 10 mL of tetrathionate broth (Hajna, Becton Dickinson) and incubated at 42°C for 24 h. Each broth was then streaked onto BG Sulfa agar (Becton Dickinson) and modified lysine iron agar (Oxoid, Basingstoke, Hampshire, United Kingdom) plates and incubated for 24 h at 35°C. Suspected colonies were picked and inoculated onto triple sugar iron agar (Becton Dickinson) and lysine iron agar (Becton Dickinson) slants and incubated for 24 h at 35°C. Presumptive positive results were confirmed by Poly O (Becton Dickinson) and Poly H (Microgen, Camberly, Surrey, United Kingdom) agglutination tests.
Bacterial counts per milliliter of rinse were converted to log10 for statistical analysis. Analysis of variance was conducted using PROC GLM of SAS (SAS Inst., 2000) to test for differences in numbers of bacteria recovered from the rinses at 0 and 24 h after chilling. A random block design was used in the analysis with individual carcasses as blocks. Frequency of Salmonella incidence was tested by χ 2 analysis. Pearson correlations between numbers of bacteria in carcass rinses at 0 and 24 h after chilling were determined using PROC CORR. The level for significance was P ≤ 0.05.
RESULTS AND DISCUSSION
The time-by-replication interaction term was significant for coliforms and E. coli; therefore, results for those bacteria are presented by replication in Table 1 . For both coliforms and E. coli in Replications 1 and 2, counts were significantly higher in the rinses immediately after chilling than in the rinses 24 h later. The difference was not significant for Replication 3. The numbers of bacteria recovered from carcasses in this experiment were similar to numbers of E. coli per milliliter of rinse in Cason et al. (2004) , but were about a log higher than the means for E. coli in rinses of chilled carcasses in broiler chicken baseline studies (USDA-FSIS, 1996a; Canadian Food Safety Inspection Agency, 2000) and rinses of prechill carcasses in Cason and Berrang (2002) . There appears to be a wide range of values reported for E. coli in carcass rinses of broiler chickens.
Counts of Campylobacter in 0-and 24-h rinses were not significantly different; the mean count was 1.8 log cfu/ mL. That number is intermediate between the mean for postchill carcasses in the U.S. broiler chicken baseline study (USDA-FSIS, 1996a ) and the number reported in Cason and Berrang (2002) in rinses of prechill carcasses.
Incidence of Salmonella was 52% at 0 h after chilling and 48% at 24 h. Chi-squared analysis indicated that there was no significant difference between the 2 rinse times. Twenty-four carcasses were positive at both rinsing times; 7 carcasses were positive only in the 0-h rinses, and 5 were positive only in the 24-h rinses. Salmonella is not recovered from all rinses of Salmonella-positive carcasses (Rigby, 1982; Lillard, 1989; Izat et al., 1991) . Combined Salmonella incidence in both rinses was 25, 100, and 55% in Replications 1, 2, and 3, respectively. The rate of Salmonella incidence was higher than expected, but Salmonella incidence is known to be highly variable. If there is a difference in Salmonella incidence in rinses at 0 and 24 h after chilling, it would most likely be found at lower levels of incidence than in this study.
The correlation between coliforms and E. coli was 0.98 in carcass rinses done immediately after chilling and 0.87 in rinses done 24 h after chilling. A high percentage of coliforms on poultry carcasses are E. coli, so it is not surprising that a relatively high correlation between numbers of coliforms and E. coli has also been reported for both prescald and defeathered carcasses and prechill carcasses (Cason and Berrang, 2002) .
Campylobacter correlations with both coliforms and E. coli were about 0.6 in immediate rinses and were <0.32 in rinses done 24 h after chilling. No significant correlation was found between E. coli and Campylobacter on skin and feathers of prescald chickens (Berrang et al., 2000) or in rinse samples of prechill carcasses (Cason and Berrang, 2002) . Campylobacter bacteria are generally regarded as less resistant to environmental stress than coliforms and E. coli. The low or nonsignificant correlations between more robust E. coli and relatively fragile Campylobacter might suggest that high E. coli numbers in carcass rinses do not necessarily represent recent fecal contamination.
Correlations between whole-carcass rinses done at 0 and 24 h after chilling were 0.73, 0.84, and 0.47 for coliforms, E. coli, and Campylobacter, respectively. Correlations of 0.93 for coliforms and 0.92 for E. coli have been reported between prechill and postchill rinses of the same carcass (Cason et al., 2004) , indicating that the numbers of E. coli recovered in whole-carcass rinses after chilling are closely related to numbers before chilling. The same relationship appears to hold for coliforms and E. coli in rinses done 24 h apart.
This study compared bacterial counts or incidence in rinses of the same carcasses at 0 and 24 h after chilling, but methods did not exactly duplicate methods used in previous studies that featured multiple rinses of the same carcasses. Sterile water was used as a rinse liquid in the present experiment to avoid adding a nutrient-containing or buffering medium to the carcass, possibly affecting recovery of bacteria in the second rinse at 24 h. Sampling the same carcasses twice provides great power to detect differences because paired comparisons eliminate variation between carcasses and focus more intensely on any difference between the 0-and 24-h rinses. Sampling different groups of carcasses at 0 and 24 h would have allowed the possibility that any difference in counts or incidence could have been due to real differences in the bacteria present in the 2 groups of carcasses.
If the higher recoveries of E. coli in rinses at 0 h after chilling are repeatable in other experiments, then wholecarcass rinse samples taken immediately after chilling may recover higher numbers of E. coli than rinses done on the day following immersion chilling. A large number of samples will be necessary to determine whether Salmonella incidence is approximately equivalent in 0-and 24-h carcass rinses. The assumption that the whole-carcass rinse samples taken at 0 and 24 h after chilling are equivalent needs further testing.
